The aim of this study is to determine whether environmental taxes affect levels of pollution and energy consumption. Using a panel of EU members and Norway, there is a significant negative relationship between environmental taxes and pollution, but no relationship between taxes and energy consumption.
Introduction
As a result of recent concerns relating to the harmful effects of global warming, policy makers have become increasingly interested in the use of environmental taxation as a means of combating the problem. This research aims to address this issue, by determining whether environmental taxes have had any significant effect on the levels of air pollution and the complimentary phenomenon of energy consumption within the European Union (EU). Over the recent past, the EU members have been set voluntary targets for the reduction in pollution and consumption of hydro-carbon fuels, which have facilitated the sometimes controversial use of environmental taxes across the EU, including the countries that have recently joined.
To date the empirical literature on this issue has mainly concentrated on the use of simulation exercises rather than the use econometric modelling, due to the lack of suitable macro-data. This paper attempts to contribute to the debate on the effectiveness of environmental taxes, by using an EU panel data set to determine if there is any link between environmental taxes and air pollution and therefore whether the EU environmental policy to date has been successful.
The main empirical work on environmental taxation has centred on the use of simulations on the impact of environmental tax reform (ETR) on the environment, use of natural resources and the wider economy. Most of the studies conclude that increased environmental tax and ETR can have beneficial effects on the environment.
(see Bosquet (2000) ). In addition there has recently been a substantial level of research into determinants of pollution and energy usage. Grossman and Krueger (1995) provided evidence for a non-linear relationship between per capita income and pollution, termed the 'Environmental Kuznets Curve', with an inverted U-shaped relationship. However other studies such as Stern and Common (2001) suggest the relationship could be monotonic, whilst Deacon and Norman (2006) find the relationship tends to be country specific and dependent on the approach used.
However as yet there is little evidence of fiscal factors being considered in this area of the empirical literature at the macroeconomic level 1 .
Following the introduction, the methodology used in this study is outlined and the form that ETR has taken in the EU member states discussed. The data and results are then examined and finally we suggest some conclusions and policy implications.
Methodology
The model of the determinants of both pollution and energy consumption used in this study are partially based on the conventional approach to pollution suggested by Grossman and Krueger (1995) , although as Harbaugh et al. (2002) suggest there is little theoretical material to determine the correct specification. However based on other studies, the explanatory variables include the common per capita GDP measures in linear and non-linear form. In addition per capita capital formation is also included in the model, to proxy the ratio between capital and labour supply, as measures of capital and investment have proven to be important determinants in other models, as is also the case with population. The final determinant is the environmental tax imposed in each country included in this study. This produces the following relationship, including the squared GDP term and a lagged dependent variable to account for inertia in adjustment to desired or targeted pollution levels:
Where poll it is a pollution index (total greenhouse gas emissions) in the first model and energy consumption (tonnes of oil equivalent) in the second complimentary model. pcy it is per capita real GDP, 2 it pcy is per capita real GDP squared, pck it is the per capita capital formation and tax it is environmental taxes expressed as a proportion of both GDP and total tax revenue, pop it is population (All variables in logarithms, except taxes which are expressed as a percentage).
It is often assumed in the empirical literature that per capita income will have a nonlinear relationship with pollution, as originally observed by Grossman and Krueger (1995) , so a squared per capita GDP measure is also included in the model. They In this study the environmental tax revenue as a proportion of GDP and total tax revenue is used as a proxy for the tax rate. The measure of environmental tax revenue is based on the internationally recognised definition used by the Statistical Office of the European Union (Eurostat). An environmental tax is defined as any tax, which has a physical unit as a base and for which there is evidence that it has a specific effect on the environment Although it is assumed the effect of environmental taxes on pollution and energy consumption should be negative, it may not be significant due to exemptions to energy-intensive industries. A number of studies have suggested that to maintain 'international competitiveness', the effectiveness of these taxes has been reduced through offering exemptions to these industries. Ekins and Speck (1999) note that this is a feature of member states in the EU and has important implications for the effectiveness of these taxes and welfare costs for the economies concerned.
Data and Results
The data is all annual and runs from 1995 (the earliest available) to 2006 and includes all the economies that are currently members of the EU 2 and for which there is data, including those that joined the EU recently, such as the transition economies (The list of countries is included in Table 1 ). Although the data covers the era, when some countries were not direct members of the EU, they were preparing to join and trying 2 The EU data is used due to the recent availability of its environmental tax data and the extensive literature on the implementation of environmental tax policy in the EU. In addition the definitions of both tax revenue and the pollution index are roughly common across the EU countries in the sample, ensuring the data shares the same features across the variables in the panel. However the data only starts in 1995 for many of the countries in the sample, limiting the dataset to just 300 observations. The data was taken from the Economic and Social Data Services (ESDS) website, which contains the Eurostat database.
to conform to the more environmentally friendly policies that the EU encouraged over the sample period.
The data is taken from the Statistics Office of the European Communities (Eurostat) and includes real GDP, capital formation, the total population and the environmental tax revenue relative to both GDP and total tax revenue data. The data on pollution is an index defined as the total greenhouse gas emissions (CO 2 equivalent). The consumption of energy is defined as 'gross inland consumption' in terms of thousands of tonnes of oil equivalent. However the tax relative to total taxes is the more significant, which supports the Goulder (1996) finding that when considering environmental taxes, the relationship with other taxes needs to be included.
There is little evidence that per capita GDP in both the linear and non-linear form have had the expected non-linear effect on pollution, which supports Harbaugh et al. 
Conclusion
This study suggests that the recent introduction of environmental taxes in the EU has had a significantly negative effect on pollution, but limited effect on the use of energy resources. This suggests that the myriad exemptions for energy-intensive sectors of the economy have had only a limited effect on the efficacy of this policy. These results also provide support for those studies suggesting that the consequences of environmental taxes are dependent on the structure of other tax levels, as measuring environmental taxes relative to total taxes has the most significant effect. However there is mixed evidence on levels of income having any effect on pollution and energy consumption, as also found in other studies. The policy implications of these results are that the current use of environmental taxes to reduce the EU's present levels of pollution appear to be having some effect, although the relationship with other taxes needs to be considered. The lack of a significant effect on energy consumption, suggests environmental taxes are not reducing consumption, implying pollution is being reduced through the use of cleaner technologies. (4), a * (**) indicates significance at the 5%(10%) levl. OIR is the Sargan test for overidentifying restrictions, with the p-value included. All models estimated using GMM and orthogonal deviations, with White period instrument weighting matrix and standard errors and covariance matrix. The instruments include the second lag of the dependent variable and first lags of the explanatory variables in both the transformed and untransformed form. Table 2 .
